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BENZYLTOENE-l>DfflYDRO-INDOL-2-ONE 

DERIVATIVES A RECEPTOR TYROSINE 
KINASE INHIBITORS, PARTICULARLY OF 
RAF KINASES 

FIELD OF THE INVENTION 

The present invention provides novel compounds, novel 
compositions, methods of their use and methods of their 
manufacture, such compounds generally pharmacologically 
useful as agents in those disease states alleviated by the 
alteration of mitogen activated signalling pathways in 
general, and in particular the inhibition or antagonism of 
protein kinases, which pathologically involve aberrant cel- 
lular proliferation, such disease states including tumor 
growth. The aforementioned pharmacologic activities are 
useful in the treatment of mammals. In particular, the 
invention relates to benzylidene oxindole derivatives which 
exhibit cRaf-1 kinase inhibition for the treatment of disor- 
ders related to cell proliferation. 

More specifically, the compounds of the present invention 
can be used in the treatment of certain forms of cancer, can 
be used to provide additive or synergistic effects with certain 
existing cancer chemotherapies, and/or used to restore effec- 
tiveness of certain existing cancer chemotherapies and radia- 
tion. At the present time, there is a need in the areas of 
diseases characterized by cell proliferation for such thera- 
peutic agents. 

BACKGROUND OF THE INVENTION 

Cancer results from the deregulation of the normal pro- 
cesses that control cell division, differentiation and apoptotic 
cell death. Protein kinases play a critical role in this regu- 
latory process. A partial non-limiting list of such kinases 
includes abl, ATK, bcr-abl, Blk, Brk, Btk, c-kit, c-met, 
c-src, CDK1, CDK2, CDK4, CDK6, cRafl, CSF1R, CSK, 
EGFR, ErbB2, ErbB3, ErbB4, ERK, Fak, fes, FGFR1, 
FGFR2, FGFR3, FGFR4, FGFR5, Fgr, FLK4, flt-1, Fps, 
Frk, Fyn, Hck, IGF-1R, INS-R, Jak, KDR, Lck, Lyn, MEK, 
p38, PDGFR, PIK, PKC, PYK2, ros, tie,, tie a , TRK, Yes and 
Zap70. In mammalian biology, such protein kinases com- 
prise mitogen activated protein kinase (MAPK) signalling 
pathways. MAPK signalling pathways are inappropriately 
activated by a variety of common disease-associated mecha- 
nisms such as mutation of ras genes and deregulation of 
growth factor receptors (Magnuson et al, Seminars in Cancer 
Biology; 1994 (5), 247-252). Therefore the inhibition of 
protein kinases is an object of the present invention. 

Additionally, protein kinases have been implicated as 
targets in central nervous system disorders (such as 
Alzheimer's), inflammatory disorders (such as psoriasis), 
bone diseases (such as osteoporosis), atheroscleroses, 
restenosis, thrombosis, metabolic disorders (such as 
diabetes) and infectious diseases (such as viral and fungal 
infections). 

One of the most commonly studied pathways involving 
kinase regulation is cellular signalling from receptors at the 
cell surface to the nucleus (Crews and Erikson, 1993). One 
example of this pathway includes a cascade of kinases in 
which members of the Growth Factor receptor Tyrosine 
Kinases (such as EGF-R, PDGF-R, VEGF-R, IGF1-R, the 
Insulin receptor), deliver signals through phosphorylation to 
other kinases such as Src Tyrosine kinase, and the Raf, Mek 
and Erk serine/threonine kinase families (Crews and 
Erikson, 1993; Ihle et al., 1994). Each of these kinases is 
represented by several family members (Pelech and 
Sanghera, 1992) which play related, but functionally distinct 



8,391 Bl 

2 

roles. The loss of regulation of the growth factor signalling 
pathway is a frequent occurrence in cancer as well as other 
disease states. 

The signals mediated by kinases have also been shown to 

5 control growth, death and differentiation in the cell by 
regulating the processes of the cell cycle (Massague and 
Roberts, 1995). Progression through the eukaryotic cell 
cycle is controlled by a family of kinases called cyclin 
dependent kinases (CDKs) (Myerson et al., 1992). The 

10 regulation of CDK activation is complex, but requires the 
association of the CDK with a member of the cyclin family 
of regulatory subunits (Draetta, 1993; Murray and 
Kirschner, 1989; Solomon et al., 1992). A further level of 
regulation occurs through both activating and inactivating 

35 phosphorylations of the CDK subunit (Draetta, 1993; 
Ducommun et al, 1991; Gautier et al., 1989; Gould and 
Nurse, 1989; Krek and Nigg, 1991; Murray and Kirschner, 
1989; Solomon et al, 1992; Solomon et al., 1990). The 
coordinate activation and inactivation of different cyclin/ 

20 CDK complexes is necessary for normal progression 
through the cell cycle (Pines, 1993; Sherr, 1993). Both the 
critical Gl-S and G2-M transitions are controlled by the 
activation of different cyclin/CDK activities. In Gl, both 
cyclin D/CDK4 and cyclin E/CDK2 are thought to mediate 

25 the onset of S-phase (Matsushime et al, 1994; Ohtsubo and 
Roberts, 1993; Quelle et al., 1993; Resnitzky et al., 1994). 
Progression through S-phase requires the activity of cyclin 
A/CDK2 (Girard et al., 1991; Pagano et al., 1992; Rosen- 
blatt et al., 1992; Walker and Mailer, 1991; Zindy et al., 

30 1992) whereas the activation of cyclin A/cdc2 (CDK1) and 
cyclin B/cdc2 are required for the onset of metaphase 
(Draetta, 1993; Girard et al., 1991; Murray and Kirschner, 
1989; Pagano et al., 1992; Rosenblatt et al., 1992; Solomon 
et al., 1992; Walker and Mailer, 1991; Zindy et al., 1992). It 

35 is not surprising, therefore, that the loss of control of CDK 
regulation is a frequent event in hyperproliferative diseases 
and cancer. (Hunter and Pines, 1994; Lees, 1995; Pines, 
1992) 

The kinase cRafl regulates cellular proliferation in two 

40 ways. The enzyme positively regulates cell division through 
the Raf/MEK/ERK protein kinase cascade. This activation is 
the result of cRafl catalyzed phosphorylation of the protein 
kinase, MEK1. MEK1 phosphorylates and activates the 
protein kinase ERK. ERK phosphorylates and regulates 

45 transcription factors required for cell division (Avruch et al, 
TIBS; 1994 (19) 279-283). cRafl negatively regulates cell 
death by modulation of the activity of Bcl-2, a critical 
regulator of apoptosis. This regulation involves direct phos- 
phorylation of Bcl-2 family members (Gajewski and 

50 Thompson, Cell: 1996 (87) 619-628). Both of these aspects 
of cRafl mediated regulation of cellular proliferation require 
the kinase activity of cRafl . 

cRafl is deregulated by events that are common in human 
cancer. For example ras genes are mutated with the follow- 

55 ing frequencies in the following representative primary 
human tumors: lung (adenocarcinoma), 30%; colon 
(adenocarcinoma), 50%; pancreatic carcinoma, 90%; 
seminoma, 40%; thyroid, 50% (McCormick, Ras oncogenes 
in Oncogenes and the molecular origins of cancer: 1989, 

60 125-146). cRafl is also activated by deregulation of 
tyrosine kinases including, cSrc, ErbB2, EGFR, and bcr/abl. 
These events are associated with breast, colon and lung 
carcinomas and chronic myelogenous leukemia (Fearon, 
Genetic lesions in human cancer, in Molecular oncology; 

65 1996, 143-178). In addition, Raf anti-sense literature 
teaches that the reduction of Raf protein levels correlates 
with a reduction in tumor growth rate in in vivo tumor 
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Brief Summary Text (11) : 

Inhibitors of kinases involved in mediating or maintaining these disease states 
represent novel therapies for these disorders. Examples of such kinases include, but 
are not limited to: (1) inhibition of Src (Brickell, 1992; Courtneidge, 1994), raf 
(Powis, 1994) and the eye 1 in -dependent kinases (CDKs) 1, 2 and 4 in cancer (Hunter 
and Pines, 1994/ Lees, 1995; Pines, 1992), (2) inhibition of CDK2 or PDGF-R kinase in 
restenosis (Buchdunger et al . , 1995), (3) inhibition of CDKS and GSK3 kinases in 
Alzheimers (Aplin et al . , 1996; Hosoi et al . , 1995), (4) inhibition of c-Src kinase 
in osteoporosis (Tanaka et al . , 1996), (5) inhibition of GSK-3 kinase in type-2 
diabetes (Borthwick et al . , 1995); (6) inhibition of the p38 kinase in inflammation 
(Badger et al., 1996); (7) inhibition of VEGF-R 1-3 and TIE-1 and -2 kinases in 
angiogenesis (Shawver et al . , 1997); (8) inhibition of UL97 kinase in viral 
infections (He et al . , 1997); (9) inhibition of CSF-1R kinase in bone and 
hematopoetic diseases (Myers et al . , 1997), and (10) inhibition of Lck kinase in 
autoimmune diseases and transplant rejection (Myers et al . , 1997) 
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